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Abstract: Coral is a good medium for the study of high resolution climate changes in tropical oceans. In this paper, 
we analyzed the C, O, B isotopic compositions of 49 samples from a living Porites lutea coral, SY10, from Sanya 
Bay, south of Hainan Island. The result shows that, the δ13C, δ18O and δ11B values of the SY10 coral range from 
–3.32‰ to –1.76‰, from –6.13‰ to –4.78‰ and from 23.51‰ to 26.23‰, respectively. They all exhibited 
obvious seasonal fluctuations. A significant positive correlation occurs between the reconstructed seawater pH and 
δ18O, which is converse to the temperature effect for the solubility of CO2 in seawater that low temperature favors 
the dissolution of CO2 and hence decreases seawater pH. Our observation that higher pH values tend to appear in 
low temperature seasons suggests that seawater pH on coral reefs should be largely controlled by biological 
activities rather than changes in CO2 solubility. Meanwhile, the reconstructed seawater pH values range from 7.77 
to 8.37, with seasonal fluctuations similar to that of the δ11B. Furthermore, the substantial periodic fluctuations of 
reconstructed pH are in consistent with the variability of observed seawater pH records on the same coral reef, and 
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agree with the seawater pH changes in Xisha Islands mentioned by Dai et al. (2009). We therefore conclude that it 
is feasible to reconstruct high resolution seawater pH by using boron isotopic composition of corals. 
Key words: boron isotopic composition; high resolution; pH; coral; Sanya Bay 
 
 
 
 
 
 
 
0 ? ? 
???????, ????????? CO2 ?
???????????????, ??????
????????[1–3]?????????(pH)??
?????, ????????????????
??????????, ???????????
??????? pH ?????????????
??????????????????????
?(δ11B)????? pH????????[3–6], ??
????????????, ?????????
?????????(~50 μg/g), ????????
?? pH???????????????????
?? δ11B????? 200???????????
?????????? pH ????, ?????
????? pH ???????????, ?? 20
?? 40?????????????[7–8]? 
?????????????, ??????
??????????????????????
???????????????, ??????
? pH????????????????????
??????????, ???????, ???
??????????????????????
??????????????????, ???
???????????????????[5,9]??
???????????????????, ??
???????????????? extracytopla-
smic calcifying fluid (ECF)????[10]?ECF ? pH
??????? pH ??????????, ??
?? pH ??????????????????
?[11–12], ??? pH????????????? 
???????????, ????????
?? ECF ??????? pH ?????????
???[11–12], ????????????????
? pH ?????, ?????????????
???? pH????, ?????? pH????
??????????????????????
????, ?????????????????
???, ??????????????????
???????????????? δ11B, ???
??????????????? pH ?????
?, ???? δ11B ????????? pH ???
???????? 
1 ??????? 
?????????? SY10(Porites lutea)?
2010?4?????????????(18°12′52.01″N, 
109°28′28.46″E), ??? 3 m, ?????????
???????????????? 50 cm????
???????????? 7 mm???, ???X
??????????????, ????? 10% 
H2O2 ?????????, ???????~0.5 mm
??????????????????????
??????????????????????
????????[13]? 
1.1 ???????? 
????????????????????
??????????? MultiPrep®??????
GV Isoprime II??????????????? 1 mg
??????????????, ?? 3 ? 102% 
H3PO4, ? 90 ℃?????, ????? CO2??
??????(Dual Inlet)???????? δ13C?
δ18O????????????????????
NBS-19 ?? , ??????? Vienna Pee Dee 
Belemnite (V-PDB)??????????????
???????? IAEA-CO-1?GBW04406???
??????, ????? δ13C? δ18O?????
???? 0.05‰? 0.08‰(1σ)??? 15%????
?????, ????????????????
?????????????????[14]????
???? 1? 
1.2 ????(δ11B)?? 
???? 20 mg?????????????
??????, ? 0.5 mL 30%? H2O2, ?? 24 h?
?????????????????? Q-Gard® 
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表 1 SY10 珊瑚样品的 δ13C、δ18O、δ11B 及计算的 pH 结果 
Table 1 δ13C, δ18O, δ11B and calculated pH values of coral sample SY10 
? ? ????? 
(mm) 
δ13C 
(‰) 
δ18O 
(‰) 
δ11B 
(‰) pH 
SY10-1 0.5 –2.30 –5.72 23.61±0.20 7.81 
SY10-2 1.0 –2.13 –5.18 24.01±0.02 8.03 
SY10-3 1.5 –2.33 –5.29 25.76±0.18 8.35 
SY10-4 2.0 –1.97 –5.58 26.23±0.05 8.37 
SY10-5 2.5 –2.68 –6.12 24.87±0.06 7.96 
SY10-6 3.0 –2.76 –6.09 24.01±0.07 7.80 
SY10-7 3.5 –2.76 –5.70 25.09±0.11 8.11 
SY10-8 4.0 –3.32 –5.45 23.58±0.03 7.87 
SY10-9 4.5 –2.69 –5.13 23.87±0.10 8.01 
SY10-10 5.0 –2.45 –5.01 / / 
SY10-11 5.5 –2.63 –4.78 25.04±0.04 8.34 
SY10-12 6.0 –2.42 –5.15 25.37±0.20 8.31 
SY10-13 6.5 –2.80 –5.67 25.64±0.02 8.23 
SY10-14 7.0 –3.01 –5.80 23.97±0.07 7.86 
SY10-15 7.5 –2.93 –6.13 24.07±0.14 7.80 
SY10-16 8.0 –2.54 –5.97 23.74±0.03 7.78 
SY10-17 8.5 –2.41 –5.87 24.07±0.06 7.87 
SY10-18 9.0 –2.62 –5.81 23.51±0.04 7.77 
SY10-19 9.5 –2.66 –5.73 24.00±0.11 7.89 
SY10-20 10.0 –2.59 –5.79 25.33±0.04 8.14 
SY10-21 10.5 –2.34 –5.65 25.14±0.11 8.13 
SY10-22 11.0 –2.02 –5.57 25.41±0.06 8.21 
SY10-23 11.5 –1.97 –5.33 25.77±0.09 8.34 
SY10-24 12.0 –2.40 –4.93 25.14±0.05 8.32 
SY10-25 12.5 –2.74 –4.99 / / 
SY10-26 13.0 –2.61 –5.03 24.42±0.11 8.15 
SY10-27 13.5 –2.56 –5.18 25.58±0.01 8.34 
SY10-28 14.0 –2.67 –5.23 24.75±0.11 8.17 
SY10-29 14.5 –2.59 –5.58 25.85±0.12 8.29 
SY10-30 15.0 –2.57 –5.80 26.11±0.11 8.29 
SY10-31 15.5 –2.37 –5.75 24.93±0.06 8.07 
SY10-32 16.0 –2.29 –5.67 25.83±0.03 8.27 
SY10-33 16.5 –2.10 –5.61 24.95±0.05 8.11 
SY10-34 17.0 –2.06 –5.52 24.14±0.05 7.97 
SY10-35 17.5 –1.89 –5.26 24.19±0.05 8.05 
SY10-36 18.0 –2.26 –5.02 24.32±0.03 8.13 
SY10-37 18.5 –2.44 –4.95 24.58±0.08 8.20 
SY10-38 19.0 –2.64 –5.13 24.83±0.03 8.20 
SY10-39 19.5 –2.62 –5.17 24.91±0.05 8.21 
SY10-40 20.0 –2.41 –5.77 24.60±0.02 8.00 
SY10-41 20.5 –2.23 –5.77 25.01±0.02 8.08 
SY10-42 21.0 –2.23 –5.68 25.73±0.07 8.24 
SY10-43 21.5 –2.13 –5.49 24.43±0.07 8.03 
SY10-44 22.0 –2.11 –5.61 24.04±0.13 7.92 
SY10-45 22.5 –1.76 –5.49 24.41±0.05 8.03 
SY10-46 23.0 –1.96 –5.33 24.27±0.20 8.04 
SY10-47 23.5 –2.11 –5.08 24.99±0.19 8.25 
SY10-48 24.0 –2.23 –4.82 25.14±0.07 8.35 
SY10-49 24.5 –2.31 –4.92 25.17±0.20 8.33 
?: δ11B?????????, ???????????????
?(2σm); pH ???????????????????, ?
???????????, ???±0.01 
Boron ????? Millipore ??????????
??(MQ?)????, ???? 2 mol/L HCl??
?????, ????? MQ???? 1 mL? 
?????????????? AG 50×8??
????????? Ca?Mg?????????, 
?????????????????? CsOH ?
???? pH>12???????????? IRA 743
??????????????????????
?????????????????? CsOH ?
??? (?????, ????????????
?), ?????????????, ????? B﹕
Cs?B﹕????????? 1﹕2? 3﹕4??[11–12]?
?????????<60 ℃??????????
??????????????????????, 
???????????????(~1 μg)? SRM 
951 ???????, ????????????
??????????????????????
??????????????????????
?????????????????????
[8,15]? 
??????? 2 μL ? CsOH????, ??
????? Ta ???, ?????????, ??
? 1 μL?????, ?????????? 
???????????????????
? Finnigan Triton??????????, ???
??? 9 ? Faraday ???????, ??? m/e 
308(133Cs210B16O16O)?m/e 309(133Cs211B16O2+133Cs210B16O17O)
?? H3 ? H4 ?? , ????????????
??? m/e 298.4????????????? , 
? H3 ? H4 ????????? , ??????
??????(focus Quad ? 15.00 V, ? disper-
sion Quad ?–100.00 V), ????? H3 ? H4 ?
????????? m/e 308 ? m/e 309 ?? , ?
?????????????? 1 ??????
???????? , ????????????
?, ?????????????, ??????
????????? 309/308???? 17O????
?? 11B/10B??: 11B/10B = 309M/308M − 0.00078[16]?
?????????? 309/308 ??????? , 
???????? 10? block, ?? block?? 10
? cycle, ????? 309/308 ????????
?? 0.001% (2σm), ?? δ11B ???????
±0.01‰(2σ)?  
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? 1? m/e 308? m/e 309????? 
Fig.1 Peak scan of m/e 308 and m/e 309 on the Triton of GIG-CAS  
 
??????????, ?????????
??????????????????????
2~3 ? SRM 951 ??, ????????? SRM 
951? 11B/10B??????4.0529±0.0007 (1SD, n=22), 
??? δ11B ?????±0.2‰???, ?????
?? SRM 951??? 11B/10B??? 4.0530±0.0005 
(1SD, n=8)??????????????? SRM 
951????? δ11B?(0.03±0.14)‰, ??????
??, ???????????????????
?? δ11B??? 
?????????, ??????????
??? Cs2CNO+?????????????
11B/10B ??[8], ????????, ???????
20~30 mA, ????????, ????? 11B/10B
??????????? 3 ?, ?? 3 ?????
????????, ?????? Cs2CNO+???
??????????????????????
???????, ?? 3 ???????????
????????????????????? 1? 
1.3 pH???? 
????????????? , ?????
B(OH)3, ??????? 4B(OH)????????
??????????????, ????? δ11B
?????????? δ11B[6]?????????
??????????????????????
?? δ11B?????? pH?[17]: 
11 11
SW carbonate
b 11 11
3 4 carbonate SW 3 4
B B
pH p lg
B B 1000( 1)
K
a a
 
  
        
 
δ11BSW? δ11Bcarbonate??????????(?
???)? δ11B, α3-4 ?????????????
??????????????????????
??????, ??????? pH ??????
? pH ?????[18], ????????????
? pH ???????????????? ECF ?
??? pH??[11], ?????????? pKb?α3-4
? δ11BSW, ??????? ECF ?? pH ????
??????????, ???????????
????? pH?[11–12]? 
??????? Trotter et al.[11]??????
?? pH?, ?? δ11BSW????????????
?????? δ11B ???? 39.5‰(?????), 
α3-4??Klochko et al.??????? 1.0272[19], ?
?????????????????? pHSW = 
(pHECF − 5.95)/0.32 [12]?????????????
?????? 10 ℃, ????????????
???????, ????????? ECF ???
??????????? pKb[12]????????
????????????, ?????????
??????????, ???????????
??[12]: ???????????????? δ18O, 
?????????????????? δ18O(‰) = 
−0.14×T(℃) − 1.76????[20]???? pH???
???? 1, ?????????????? δ11B
????????, ?????±0.01? 
2 ????? 
2.1 ??????????? pH??????? 
?????????? δ13C?δ18O?δ11B ??
?? pH ?????????? 2???????, 
????????????????????, ?
??????????????????????
?????????????, ???? δ18O ??
?????????????? 2 ??????, 
δ18O?????????, ?? δ18O??????
?, ???????????δ13C ???????
?????, ????????????? δ13C ?
??, ????? δ18O????, ?? δ13C???
??????, ???????????????
??(????)?????????δ11B?????
???????????, ????? δ13C?δ18O 
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? 2? SY10??????? δ13C?δ18O?δ11B? pH??????? 
Fig.2 High-resolution records of δ13C, δ18O, δ11B and pH of SY10 coral 
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??????? δ18O ??????, ??????
δ11B????? δ18O?, ? 2007?, ??????
? δ11B?????? δ18O?, ? 2008?, ????
?? δ11B???????????? δ13C????
??, 2008 ????? δ11B ??????? δ13C, 
?? 2008??????????? δ13C? 
pH??? δ11B?????, ????????
??????????????????????
??????, pH? δ11B???????????
?(r>0.85, N=47, p<0.0000001)? 
????????????????????
??????(? 3)?δ13C? δ18O???δ11B? δ18O
?????????????(p>0.1), ?????
? pH ?? δ18O ????????????(? 3c, 
r=0.62, N=47, p<0.000002)???????????
? pH ??? ECF ??????????????
???????????????[12], ?????
???????????? δ18O????????
?[20], ?? pH ? δ18O ????????????
pH????????????, ????????
????????(?????)?????????
???, CO2 ??????, ???????? pH
??????????????????????
?????, ???????? pH????? CO2
?????, ??????????? 
??????????, ? Suess????, ?
?? δ11B ? δ13C ??????????????, 
????????????? CO2 ???, ???
pH??????(dissolved inorganic carbon: DIC)?
δ13C??[8]???????????, δ11B? δ13C?
?????????????? 2?????, δ13C
???????????, ? δ11B ???????
????? 3d??, 2008???, δ11B? δ13C??
???????(r=0.51, N=23, p=0.0065), ???
Suess??????? 2008 ???, δ11B? δ13C?
?????????(r= –0.46, N=24, p=0.012)?? 
 
? 3? δ13C?δ18O?δ11B? pH????????? 
Fig.3 Correlation between each of the δ13C, δ18O, δ11B and pH records of SY10 coral 
? 3d???????????????? 23??????, ? 2008?? 2009?; ?????? 24??????, ? 2007?? 2006? 
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?????????????, ????????
??????? 
2.2 pH???????? 
????????????, ???????
pH ?????????, ??????? pH ??
???????[21]??????????????
???????, ?? pH????????, ??
?????????????????, ????
??????? 12??, ????????? 0.6?
??????, ??????????, ????
??? pH??????? 0.4?????????
??????, ???? δ11B ??? pH ????
???? 0.3~0.4[7–8]???, ???? SY10???
??????????? pH ?????????
??????????????? 
?? pH ????????????????
??????????, ????????(???
????????????)??????????
???????[12], ??????? pH ????
??????????????????????
pH ???????? 7.47~8.45(25 ℃???? , 
Total Scale ??), SY10 ????? pH ??(7.77~ 
8.37)?????????, ?????? pH ??
??????????????????????
?????, ???????/?????????
???????, ??????????????
?? , ??????? pH ?????????
7.7~8.1 ??????????????????, 
SY10 ??? pH ???????, ??????
0.2~0.3 ??, ????????????????
??????????[12]???????????
??????????????????????
?????????, ????????????
??, ??????????????? pH ??
??? 
3 ? ? 
??????????? SY10 ??????
???????????????, ??????
??????????????????????
?????, δ13C ??????????????
??, ????? δ18O????, ?? δ13C???
??????, ???????????????
(????)????????; δ11B? δ18O????
?????, ????? δ11B ?????????
??? δ11B??? pH?? δ18O????????
????, ?? pH????????????, ?
??????????????????? pH ?
??????? CO2 ?????, ???????
????????????????? , ???
Suess ????, ??? δ11B ? δ13C ??????
??????????, ??????? δ11B ?
δ13C?????????????2008???, δ11B
? δ13C ?????????, ??? Suess ???
???? 2008???, δ11B? δ13C???????
???, ??????????????????
???? SY10 ???????????????
pH ?????? 7.77?8.37, ????????, 
?????????????????????
pH ????????????????????
??[21]??, ????????????????
? pH??????? 
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